Objective: The objective of this study is to estimate the crash risk per kilometer travelled by powered two wheeler riders filtering through traffic on urban roads.
INTRODUCTION
For the last twenty years, the use of powered two-wheelers (PTW) has risen in large European metropolitan areas (European Commission 2013), although this increase has clearly slowed down since 2008 due to the economic crisis (ACEM 2015) . In France, the latest national survey of travel and transportation done in 2008 showed that urban areas with over 100,000 residents with regular automobile traffic congestion are where PTW use has increased (CGDD 2010, p.39) . This is in large part due to the ability provided by this form of transport to weave through traffic and to filter between vehicles that are stopped or slowed down. Indeed, this can be seen in the study by Burge et al. (2007) , which found that the ability to filter through traffic was a significant factor in motorcycle ownership and commuting. Although the practice of filtering is illegal in most countries around the world, it may, in certain highly congested areas, account for a significant share of trips (Aupetit et al. 2015; Mulvihill et al. 2013) . Aupetit et al. (2015) , for example, demonstrated that it accounts on average for 72% of travel time and 77% of the distances travelled by motorcycle commuters in the Paris region. Yet this practice is considered risky by PTW users, as well as by car drivers (Beanland et al. 2015; Hidalgo et al. 2015; Huth et al. 2014 ). Crash studies suggest that it does indeed give rise to the production of injury crashes (see, for example: Clarke et al. 2004; Hurt et al. 1981; Maestracci et al. 2012; Rice et al. 2015 Van Elslande et al. 2014 . Clarke et al. (2004) , for example, demonstrated that one PTW crash out of twenty recorded in Great Britain involved a PTW filtering through traffic. This practice also appears to cause special problems for pedestrians (see Beanland Article accepted for publication in Traffic Injury Prevention : article accepted 13 Aug 2016
Author version (post-print version) et al. 2015) . In a previous study, we furthermore showed that in more than half of all crashes involving a PTW and a pedestrian, the PTW was filtering at the time of the crash (see . The objective of the study presented in this article is to assess the risk to PTW riders of being involved in an injury crash when they filter through traffic and to compare this risk to that run when they do not filter.
This article is focused on the risk related to filtering on urban roads. A previous study of a different context, urban expressways, revealed that filtering is associated with an excess risk of crashes (approximately 2.5 times greater; see Clabaux et al. 2015) . The objective of the present research was to examine whether this is also verifiably on urban roads.
These results should provide us with lessons for countries with relatively low rates of powered two-wheeler use, some of which are starting to legalize this practice, but also for countries with high rates of powered two-wheeler use where the erratic filtering behaviors by powered two-wheelers are not without problems (Haque et al. 2008; Lan and Chang 2015; Vlahogianni 2014) .
METHOD

Area studied
This research was carried out on the territory of the city of Marseille. With over 1.5 million residents, Marseille is one of the France's twelve metropolitan areas. Located on the Mediterranean coast, PTW use has long been quite popular here. Thus there is a particularly high crash rate. Indeed, the city of Marseille is, after Paris, the city that has the largest number of injury crash involving PTWs (some 1,300 crashes recorded by the police each year). Our investigations concerned 14 sections of main urban roads (arterial streets) located in the city center, accounting for 18 km of roadways. They have certain number of shared characteristics such as the presence of several lanes going in the same direction, intersections that usually have traffic lights, and the presence bus lanes on most of them. These are sections for which we had accurate traffic data due to the presence of electromagnetic loops at regular intervals. These data were gathered in the context of other studies dealing with the effects of bus lanes on safety (see Fournier et al. in press) .
Approach adopted
For each of the 14 sections studied over a period of three years (from 2007 to 2009), the following were estimated:
-The risk for PTW riders of being involved in an injury crash for each kilometer travelled while filtering, and the 95% confidence interval (CI). (a)
-The risk of crashes for PTW riders when they do not filter and its 95% CI. (b)
In the second phase, for each section the relative risk (RR) (a)/(b) (and its 95% confidence interval) for these two populations was estimated using the following formula:
Lastly, in the third phase, a relative risk common to all the sections and its 95% CI was calculated by performing a meta-analysis of data for the 14 sections. Any presence of heterogeneity in the results between the sections studied was examined using the DerSimonian and Laird's Q statistic (Hasselbald and McCrory 1995 France region, there are nearly 5 times more trips using powered two-wheelers on weekdays. Furthermore, the safety problems raised by filtering practices among powered two-wheelers mainly arise during the week when there is traffic congestion (Clarke et al. 2004) . These are the two main reasons that led us to focus on weekdays and daytime hours.
It should also be noted that all these investigations first dealt with all categories of PTW taken together and all filtering practices taken together. In a second phase, they were carried out for the three main administrative categories of PTW (making a distinctions between mopeds, light motorcycles and heavy motorcycles) and for the three main kinds of filtering, i.e. filtering forward along the axis of the carriageway, filtering forward in a bus lane and filtering forward in the space between traffic lanes going in the same direction (lane-splitting). Fig.1 illustrates these different types of filtering maneuvers. These three configurations were studied because they are the three main configurations that give rise to crashes in France (see Clabaux 2006; Maestracci et al. 2012; Van Elslande et al. 2014 ). According to data analyzed in Clabaux (2006) , these three configurations represent 87.5 % of traffic crashes involving PTW filtering. According to another work (see , these three configurations represent 67 % of traffics crashes involving a pedestrian and a PTW filtering.
Data
In order to determine the number of PTW riders involved in crashes while filtering (or not), police reports for injury crashes that occurred between 2007 and 2009 on the 14 sections studied were used. They were the most recent available data at the beginning of the work. Each crash case involving at least one PTW gave rise to an indepth analysis to determine whether the PTW was filtering at the time of the crash and, if so, determining what space he/she was using to filter (along the axis of the carriageway, bus lane, space between traffic lanes).
Concerning the number of PTW x kilometers exposed to crash risks when filtering and when not filtering on the sections during the periods in question, for each year studied (2007 to 2009) the first stage consisted in estimating the total amount of PTW traffic on each section during the time periods in question (6 am to 10 pm).
For this, the total hourly traffic data gathered from 2007 to 2009 by the electromagnetic loops installed on the streets studied were used. As PTW are not distinguished from four-wheeled vehicles in these counts, a campaign of observations of PTW traffic was carried out by investigators to estimate what share they account for in the traffic. Fifty-six hours of observations, 28 of which were during peak hours (between 7 am and 9 am or between 4 pm and 7 pm) and 28 off-peak hours, distributed randomly over the entire year of 2013 and on the 14 sections, were carried out by investigators positioned on the sidewalks. Each observation sequence lasted one hour.
During this sequence, the investigator recorded the number of PTWs that drove past him/her and, for each PTW, the administrative category (moped, light motorcycle or heavy motorcycle), whether it was filtering or not and, if so, what space it used to filter.
It should be noted that, during these observations, the investigators did not stay at one fixed point, but rather constantly walked about at a slow pace throughout the section observed. This strategy was adopted due to the 
RESULTS
Results on filtering behaviors
Concerning risk exposure, the observations carried out on PTW traffic show that PTW on average account for 17.9% of the traffic on the 14 sections studied. Light motorcycle users are the most numerous. They account for 44.5% of PTW traffic. Then come heavy motorcycle and moped users, who account for 37.5% and 18%, respectively. Concerning the practice of filtering, 20.7% of PTW x kilometers were travelled while filtering during the period. This proportion reaches 25.4% during peak hours and 17.8% during off-peak hours.
Concerning the space used to filter, the axis of the carriageway is the most commonly used. Indeed, 42.7% of PTW riders x kilometers travelled while filtering took place in this space (see table 1 ). Then come bus lanes (30.8%) and the space between traffic lanes going in the same direction (12.8%). Other spaces represent 13.7% of these riders x kilometers.
Article
Results of crashes analysis
According to police data, 345 PTW riders were involved in injury crashes on the 14 sections studied during the years 2007, 2008 and 2009 . The manoeuver performed by the riders at the time of the crash (filtering or not filtering) has been determined for 309 of them. Among these 309 riders involved in crashes, 160 were filtering and 149 were involved in crashes while driving in the general traffic lanes (see Table 2 ). Among the various categories of PTW, moped riders were proportionally those who had the fewest crashes while filtering: 45% of them were filtering when the crash occurred. This proportion is 57% for light motorcycle riders and 54% for heavy motorcycle riders, respectively.
Concerning the space used when filtering, the axis of the carriageway is most commonly observed in crashes:
40% of riders filtering forward at the time of the crash were using this space. Then come bus lanes (33%) and spaces between traffic lanes going in the same direction (10%) (see Table 3 ). The remaining cases concerned other, less common, spaces, such as a traffic lane that was free for filtering, sidewalks, etc.
In terms of the processes at work in crashes, among the 160 riders involved in crashes while filtering, 83 had not been previously detected by a car driver in the lane of vehicles being overtaken, when engaging a maneuver for changing lanes, turning right/left (toward another street or access) or making a U-turn.
Another aspect that appears with the analysis of the crash cases concerns the influence of vehicles queues, which often obstruct visibility between the PTW and the vehicle or pedestrian it collides with. The detailed study of police reports shows that among the remaining 77 riders who filtered, 59 were not detected or were detected very late due to the blocked visibility caused by the queue(s) of cars overtaken. 24 of these 59 riders collided with pedestrians.
Risks assessment results
For each section, Table A1 presents the number of PTW riders involved in injury crashes according to whether they were filtering or not, risk exposures, when filtering and when not filtering, expressed in vehicles x kilometers, the estimation of crash risks and their 95% confidence interval.
The relative risk is significantly higher for filtering on 10 of the 14 sections studied. It is never significantly lower (see Table A2 ). The meta-analysis of the results obtained individually on each section gave a common relative risk with heterogeneity of 3.67 (95% CI [2.93; 4.60]) and a common relative risk corrected for heterogeneity of 3.94, with a 95% confidence interval of [2.63; 5.89] ( Table A2 ). The same approach was adopted for riders of different categories of PTW. There is no significant difference between light motorcycle and heavy motorcycle riders.
Concerning the space used for filtering, no one space appears to be safer than the others -no matter which space is used, the excess crash risk is large. Table 5 presents the relative risks for the three main spaces used by PTW.
The relative risk of crash for the other spaces used was not calculated due to the small number of riders involved in traffic crashes.
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DISCUSSION
The results presented here show that PTW riders filtering on urban roads have a risk of being involved in injury crashes that is nearly four times greater (3.94 times) than for riders driving in general traffic lanes. This result is consistent with that obtained in another study on a different context: urban expressways (see Clabaux et al. 2015) . How can this difference in risks be explained? It may firstly be that PTW riders filtering do not have the same risk factors as those who stay in the traffic flow, such as age, experience, driving style or the weight/power ratio of their vehicle. The method adopted did not make it possible to check the influence of these confounding factors. But other elements than those concerning the riders' characteristics are no doubt also at work in this risk difference. This excess risk could firstly be explained by the differential in the positioning on the carriageway between riders filtering and riders driving in their lane. Filtering by PTW riders leads these users to occupy spaces along the carriageway (notably the axis of the carriageway, the space between traffic lanes and bus lanes)
where they are no doubt less cognitively conspicuous, that is to say less expected and less sought out by car drivers or pedestrians than when they are driving in the lanes. This differential in their positioning on the carriageway in relation to other vehicles may contribute to it being harder for them to be detected by car drivers, for example when seeking information before undertaking maneuvers for changing lanes, turning right, turning left or making a U-turn. Various authors have suggested this (see for example: Clarke et al. 2004; Crundall et al. 2008 ; Huth et al. 2014; Rogé et al. 2010) . This is furthermore what is suggested by the analysis of the crash cases.
Our results also show that there does not appear to be any space (among the three studied) safer than the others for filtering forward along queues of cars. Indeed, there is no significant difference in risks between the three spaces studied. There does appear to be a tendency toward a slightly lower risk for powered two-wheelers filtering forward along the carriageway. This tendency is hard to explain. It may be that it comes from the fact that these riders are less exposed to manoeuvres by the vehicles in the queues that they overtake. Indeed, the sections studied are mostly urban arterials with several lanes of traffic going in the same direction and on which left turns are usually forbidden or a very difficult. Concerning the risks related to using bus lanes, the results that we obtained are consistent with previous studies (see York et al. 2010 ). These studies report higher crash risk for powered two-wheelers riding in bus lanes, all types of use combined, for filtering or not. However, the present results suggest that filtering forward in a bus lane is associated with a crash risk higher than traveling in a bus lane (without filtering). Indeed, we found in The study presented here has a certain number of limitations. Firstly, it is based on strong hypotheses: filtering behaviors and the share of PTW (and each category of PTW) in total traffic did not change between [2007] [2008] [2009] and 2013. Secondly, we were only interested in the association between filtering forward on vehicle queues, the space used for filtering and involvement in crashes. The possible influence of confounding factors therefore could not be controlled. Furthermore, we did not make any accurate measurement of the conditions under which filtering was performed (traffic conditions, speed of the powered two-wheelers, lanes geometry, etc.), as was
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The work that we have presented here needs to be consolidated, notably by considering a larger number and a wider variety of sections. Furthermore, it is based on a relatively small number of observations of risk exposure.
From this point of view, the use of data collected from video recordings could be useful in the future.
Nonetheless, these results suggest that all measures that help to discourage the practice of filtering by PTW on urban roads would no doubt contribute to improving safety. This could involve the layout of urban roads, for example. Indeed, a study of crash sites suggests that reducing the width of traffic lanes to a strict minimum could be an interesting proposal. Two studies with different approaches suggest a decisive influence of lane width in the decision by powered two-wheeler users to filter forward on vehicle queues (see Haque and Hoong Chin 2010; Vlahogianni 2014) . Combining lane width reduction with placing medians or pedestrian islands, notably at junctions and pedestrian crossings, and better control of bus lanes use, could probably contribute to achieving this objective. Assessment studies, notably of the before-and-after type, of the effects of these measures on this type of crash are still needed. Without going so far as the construction of dedicated powered two-wheelers lane, as experimented in Malaysia (Radin Umar et al. 1995) , and which would be hard to insert into European cities, another prospect could consist in reserving lanes to powered two-wheelers. Strong assessment studies would nonetheless be needed insofar as the knowledge current available in the literature rather tends to demonstrate that this would have a harmful effect on safety (see York et al. 2010 , concerning the effect of powered two-wheelers' use of bus lanes). Lastly, in terms of the expected effects of the possible legalization of filtering behaviors, which is being explored in some countries, our results suggest that this would probably have a negative effect on safety. All PTW riders 309* 160 (52%) 149 (48%) *Among the 309 PTW involved in injury crashes, we were unable to identify the administrative category of the vehicle (between mopeds, light motorcycles and heavy motorcycles) in one case. 
